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ABSTRACT: 


EVALUATION  OF  LOW  COST  ALUMINUM  ALLOY  GRANULES 
FOR  USE  IN  ALUMINIZED  EXPLOSIVES 


by 

Winona  C.  Hogge 


This  report  covert  the  evaluation  o£  low  coat  aluminum 
alloy  granulea  for  uae  in  aluminlaed  explosives,  i.e. 
Trltonal,  DESTEX  and  H-6.  The  alloy  wea  evaluated  with 
respect  to  Its  effects  on  batching  characteristics, 
composition  uniformity,  thermal  stability  and  impact 
sensitivity  of  the  explosive  systems.  A  comparison 
was  made  of  the  alloy  and  currently  used  atomised 
aluminum  with  respect  to  particle  sise  and  chemical 
composition. 
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EVALUATION  OF  LOW  COST  ALUMINUM  ALLOY  GRANULES 
FOR  USE  IN  ALUMINIZED  EXPLOSIVES 


I.  INTRODUCTION 

The  feasibility  of  replacing  the  atomized  aluminum  (MIL-A-512), 

Type  III,  Grade  F,  Class  7)  currently  used  in  high  explosive  compositions 
with  lower  cost  aluminum  alloy  granules  (ALMEG  EXXO  90-30)  was 
investigated  on  a  laboratory  scale.  ALMEG  EXXO  90-30  is  marketed  by 
A1MEG,  Inc.,  Kansas  City,  Missouri.  It  is  reportedly  obtained  from 
scrap  consisting  essentially  of  aluminum  alloy  7075.  It  is  ground  to 
a  coarse  mesh  product  (nominal  30  mesh)  with  a  maximum  of  2  percent 
finer  than  200  mesh.  The  manufacturer  quotes  a  price  of  20  to  22  cents 
per  pound  in  quantity  lots;  current  price  for  the  atomized  aluminum  is 
25  cents  per  pound  (1). 

The  alloy  was  incorporated  into  aluminized  explosive  mixes  which  were 
evaluated  with  respect  to  flow  properties,  settling,  porosity  and 
composition  uniformity.  The  explosives  Trltonal,  DESTEX  and  H-6  were 
selected  as  being  representative.  Atomized  aluminum  was  used  in 
control  batches. 

Samples  from  the  explosive  batches  were  tested  for  thermal  stability  and 
impact  sensitivity.  The  particle  else  distribution  and  chemical 
composition  cf  the  two  types  of  aluminum  uBed  in  the  explosive  batches 
were  compared. 

Preliminary  tests  of  the  compatibility  of  Minol  2  components  with 
ALMEG  EXXO  90-30  were  Included  es  part  of  this  study.  Minol  2  is  an 
aluminum/TNT  mixture  in  which  a  portion  of  the  TNT  is  replaced  with 
ommonlum  nitrate. 

H.  aEEftIMEHIA,k-AKP  MSMJS 

a-  Bfltsh 

Laboratory  batches  were  prepared  of  the  following  aluminized 
explosives: 


1)  Tri tonal  (80/20,  TNT/A1) 

2)  DESTEX  (80/20/5/2/0.1,  TNT/A1/D- 2/acetylene  carbon  black/ 

lecithin) 

3)  H-6  (74/21/5,  Comp  B/Al/D-2) 
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One  batch  of  each  explosive  was  prepared  using  the  lower  cost,  coarse, 
aluminum  alloy  granules.  ALMEG  EXXO  90- If),  a  ;cr.  botch  cf  coch 

was  prepared  with  atomised  aluminum,  MIl-A-512,  Type  III,  Grade  F, 

Class  7,  nominal  AO  mesh. 

One  thousand-gram  laboratory  batches  were  mixed  in  a  half-gallon 
laboratory  steam  heated  kettle  equipped  with  an  lmpellator  agitator 
driven  by  an  air  motor.  The  regular  batching  procedure  of  melting  the 
TNT  or  Comp  B  and  incorporating  the  aluminum  powder  into  the  molten 
material  waa  followed.  After  the  addition  of  the  last  component,  medium 
agitation  (speed  750  to  1,000  rpm)  was  continued  for  15  minutes  at  95°C. 

Viscosity  determinations  were  attempted  on  the  molten  explosives  before 
casting.  Measurements  were  taken  with  a  Brookfield  viscosimeter,  RVT 
Model,  spindle  M,  0.5  rpm  at  95°C.  It  was  only  feasible  to  obtain 
actual  viscosimeter  readings  on  the  DESTEX  mixes.  Viscosity  values 
were  in  the  range  of  38,000  to  52,000  centipolses  with  the  lower  value 
being  obtained  for  the  atomized  aluminum  system  and  the  higher  value 
for  the  ALMEG  system. 

After  the  batches  were  mixed,  six  sclcks  were  cast  from  esch  batch  by 
dacanting  from  the  tilt-type  kettle.  Sticks  #1  and  # 2  represented  the 
top,  #3  and  #4  the  middle,  and  #5  and  #6  tne  bottom  of  the  kettle.  The 
preheated  aluminum  molds  for  the  sticks  were  I  inch  in  diameter  and 
4  Inches  high.  Each  mold  waa  equipped  with  an  aluminum  riser  2  Inches 
in  diameter  and  3  inches  high.  Sticks  #1  and  #2  were  solidified  at 
ambient  temperature;  sticks  03  and  #4  were  held  at  90°C.  for  4  hours 
and  sticks  #5  and  were  held  at  90eC.  for  8  hours  before  being  allowed 
to  solidify.  After  solidification,  the  riser  explosive  wao  removed  and 
the  test  specimens  were  sampled. 

B. 

Samples  were  taken  from  the  top,  middle  and  bottom  1/2  inch 
of  the  sticks.  Densities  were  determined  on  the  1/2- inch  samples  before 
grinding.  They  were  reduced  in  a  wooden  mortar  with  a  wooden  pestle  to 
pase  a  20  mesh  U.  S.  Standard  Sieve  and  analysed  for  aluminum  content. 
Because  of  the  extra  analytical  time  that  would  have  been  required,  and 
because  it  would  not  have  significantly  changed  the  values  with  respect 
to  evaluating  settling  of  the  aluminum,  the  aluminum  and  carbon  black 
contents  were  reported  together.  Tables  I,  II  and  III  give  the 
analytical  data  on  the  segregation  atlcka. 

A  representative  sample  was  selected  from  each  batch  and  tested  for 
vacuum  stability,  impact  sensitivity,  and  thermal  behavior.  Included 
ir.  the  vacuum  stability  test  snd  differential  thermal  analysis  (DTA) 
were  the  components  of  Mlnol  2  (TNT  and  ammonium  nitrate)  In  contact 
with  the  ALMEG  aluminum. 
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The  vacuum  stability  was  tested  at  100°C.  for  48  hours.  A  one-gram 
SamDle  was  used.  All  easr  pvnlnalwa  uara  rati  unit  rhni  a  ?n  ma  aK 
U.  S.  Standard  Sieve;  the  TNT,  ammonium  nitrate,  ALMEG  aluminum  and 
atomised  aluminum  were  used  as  received  in  granular  form.  The  test 
procedure  was  similar  to  the  conventional  vacuum  stability  test 
described  in  MIL-STD-650. 

The  impact  sensitivity  test  followed  the  Bruceton  Method  on  a  Bruceton 
style  machine  equipped  with  Type  12  tools  and  2.5  kg.  weight.  The 
impact  sensitivity  height  value  was  determined  from  25  shots  per  run, 
with  35  ±  2  mg.  weight  of  explosive  per  shot  on  No.  5/0  sandpaper. 

The  differential  thermal  analysis  curves  were  recorded  by  a  Stone 
Differential  Thermal  Analyser  equipped  with  a  X-Y  recorder.  Heating 
rate  was  10SC.  per  minute.  Sample  site  was  20  mg.  for  the  explosives 
Trltonal,  DESTEX,  H-6  and  for  the  single  components;  sample  slse  of 
40  mg.  was  used  for  the  AI-NH4NO3,  Al* TNT  and  AI-NH4NO3-TNT  systems. 
Thermal  studies  and  sensitivity  results  are  tabulated  in  Table  IV. 

C.  Aluminum  Particle  Site  Analysis 

A  sieve  analysis  of  the  ALMEG  EXXO  90-30  and  the  atomised 
aluminum  was  run.  U.  S.  Standard  Sieves  were  used  on  a  Ro-Tap 
mechanical  shaker  geared  to  produce  150  taps  of  the  striker  per  minute. 
Results  are  tabulated  in  Table  V. 

HI.  DISCUSSION  OF  RESULTS 

a.  sxBloftiv?  .Batkina 

The  processing  problems  signified  by  the  composition  and 
density  results  in  Tables  I,  II  and  III  are  of  such  a  nature  that  new 
batching  techniques  would  have  to  be  developed  for  Trltonal  and  H-6 
should  ALMEG  EXXO  90-30  be  used  in  lieu  of  regular  atomised  aluminum. 
Inadequate  suspension  of  the  aluminum  and  porosity  of  the  explosive 
were  the  major  problems. 

When  A1MEG  aluminum  was  incorporated  into  a  laboratory  Trltonal  batch, 
it  would  not  remain  suspended  during  mixing  at  normal  agitation.  This 
resulted  in  a  aisable  percentage  of  aluminum  remaining  in  the  kattla 
after  the  liquid  portion  of  the  slurry  had  been  cast.  Figure  1  photo¬ 
graphically  demonstrates  the  lack  of  aluminum  in  all  segregation  sticks 
poured  from  Trltonal- ALMEG  batches.  No  viscosity  data  was  obtainable 
because  of  this  severe  aluminum  settling  problem. 

The  H-6  prepared  with  the  ALMEG  aluminum  had  low  density  values,  a  high 
degree  of  porosity  and  poor  uniformity  of  composition.  There  was  a 
density  gradient  of  1.78B  to  1.697  g/ml  from  top  to  bottom  In  the  sticks 
that  were  held  4  to  8  hours  at  90°C.  Figure  2  is  a  photograph  of  H-6 
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segregation  sticks  showing  the  increase  in  porosity  with  ALMEG  aluminum. 
There  was  an  apparent  tendency  for  the  TNT-wax  to  flow  awav  from  the 
large  aluminum  particles,  resulting  in  poor  riser  action  and  the  outer 
layer  of  TNT  and  wax  that  can  be  seen  in  Figure  2.  This  would  cause 
problems  in  production  with  respect  to  riser  feed  and  would  cause 
aluminum  to  be  left  behind  to  clog  kettle  valves.  This  lack  of  wetting 
of  the  aluminum  by  the  TNT  and  wax  also  contributed  to  the  severe 
porosity  problem  encountered  in  the  H-6,  only  part  of  which  appeared 
to  be  due  to  entrapped  air.  Some  separation  of  the  TNT  and  ALMEG 
aluminum  occurred  in  the  kettle  as  soon  as  agitation  was  stopped.  This 
was  evidenced  by  the  difference  in  aluminum  content  between  the  first 
two  and  the  last  four  sticks  cast  from  the  batch.  Even  though  viscosity 
values  could  not  be  obtained  because  of  this  separation  in  the  kettle, 
it  was  apparent  that  the  ALMEG  H-6  was  thicker  than  normal  H-6.  This 
higher  viscosity  was  verified  by  the  reduced  agitator  speed  for  the 
same  amount  of  air  pressure  applied  to  the  agitator. 

When  ALMEG  aluminum  was  used  in  the  preparation  of  a  DESTEX  slurry,  it 
did  not  settle  but  the  melt  composition  was  not  as  uniform  as  that  with 
atomized  aluminum.  There  was  a  spread  of  4.6  percent  in  the  aluminum- 
carbon  black  content  in  the  ALMEG  DESTEX  versus  1.0  percent  for  the 
atomized  aluminum  DESTEX. 

The  difference  in  thickening  power  of  the  two  aluminums  was  not  as 
noticeable  in  the  DESTEX  formulations  because  the  primary  thickening 
agent  in  DESTEX  is  a  structural  carbon  black.  This  difference  in  the 
aluminums  becomes  significant  in  H-6  in  which  the  dominant  thickening 
agents  are  RDX  and  the  aluminum. 

B.  gfrflfcliUY 

The  vacuum  stability,  DTA  and  impact  sensitivity  data  did  not 
show  any  immediate  chemical  incompatibility  problem*.  However,  DTA 
thermograms  indicated  that  the  ALMEG  aluminum  hastened  the  decomposition 
of  the  ammonium  nitrate  once  the  nitrate  was  in  the  molten  stage. 

MIL-A-512  for  atomized  aluminum,  Grade  F,  requires  an  aluminum  of 
98.75%  minimum  purity.  Copper,  iron  and  silicon  are  limited  to  a 
maximum  of  0.5%  each,  magnesium  to  0,1%  maximum  and  zinc  to  0.25% 
maximum.  The  aluminum  alloy  granules,  ALMEG  EXXO  90-30,  if  obtained 
from  the  aluminum  alloy  7075,  have  a  nominal  composition  of  1.6% 
copper,  2. 5%  magnesium,  0.30%  chromium,  and  5.6%  zinc.  The  long  range 
effect  of  these  impurities  on  the  various  explosive  systems  has  not 
been  tested  when  the  impurities  were  present  in  alloy  form  except  as 
noted  in  reference  (2). 

An  experiment  (2)  at  Plcatinny  Arsenal  In  which  a  magnesium-aluminum 
alloy  was  tested  in  contact  with  dry  Amatol  (TNT/NH4NC3,  50/50) 
resulted  in  heavy  tarnishing  of  the  alloy.  This  same  test  found  that 
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aluminum  metal  is  far  superior  to  either  m.  ^riesium  or  the  magnesium- 
aluminum  alloy  to  corrosion  resistance  in  the  presence  of  moist 

/A  R®/  Ua  A\  T\1T  aaa*  «ha{  a  »■  Awdf'nl  TU  hia  nnoe^  nma  a  lnm^  mini  oil  Au  UA  A  O  1  4A 

corroded  by  the  presence  of  moist  (0.5%  H2O)  Comp  B  but  not  to  the 
extent  caused  by  the  TNT  or  Amatol.  This  alloy  was  identified  as  J-l. 

The  literature  (3)  reports  that  in  the  presence  of  moisture,  ammonium 
nitrate  reacts  with  copper  to  form  tetraminocupric  nitrate  which  is  of 
the  same  order  of  sensitivity  to  impact  as  lead  aside.  Bourjol  (4) 
reported  samples  of  Amatol  stored  for  25  years  in  sine  boxes  caused 
deterioration  of  the  TNT.  This  did  not  occur  when  aluminum  boxes  were 
used.  Atmospheric  corrosion  of  sine  (5)  produces  a  hydrated  basic 
carbonate  Zn0:C02:H20  as  5/4/8  or  5/2/3  or  4/1/3  or  4/1/4.  Different 
external  conditions  at  time  of  formation  affect  the  final  composition. 
Basic  materials (as  distinguished  from  acidic)  are  incompatible  with  TNT. 

These  references  from  the  literature  to  conditions  which  could  cause 
adverse  chemical  reaction,  are  serious  enough  to  question  the  advis¬ 
ability  of  using  any  aluminum  such  as  ALMEG  EXXO  90-30  which  has 
sizable  percentages  of  other  metallic  impurities  incorporated  in  it. 

C.  Particle  Size 

The  sieve  analysis  data  (Table  V)  emphasizes  tha  particle 
size  distribution  differences  between  the  two  kinds  of  aluminum. 
Ninety-seven  percent  of  the  ALMEG  material  was  retained  on  a  U.  S. 
Standard  Sieve  No.  100  (149  microns)  as  compared  to  227.  of  the 
atomized  aluminum.  Thia  absence  of  fine  particles  is  the  reason  the 
A1MEG  material  gives  a  thicker  alurry  and  one  which  does  not  flow  as 
well  with  respect  to  riser  feed.  The  ALMEG  has  647.  of  "on  50  mesh" 
granules  as  compared  to  47.  for  the  atomized  aluminum.  "On  50  mash" 

(297  microns)  aluminum  is  extremely  difficult,  because  of  its  large 
size,  to  keep  in  suspension  in  a  slurry  without  the  addition  of  a 
suspension  agent  and  will  settle  out  of  the  melt  before  the  mix  can 
be  poured  from  the  kettle. 

It  was  reported  in  a  study  (6)  by  a  joint  Project  Manager  -  Picatinny 
Arsenal  Air  Force  Team,  that  the  use  of  coarse  aluminum  alone  in 
Trltonal  increased  sensitivity  to  impact  at  low  energy  levels. 

IV.  CONCLUSIONS 

The  coarse,  granular  aluminum  alloy,  ALMEG  EXXO  90*30,  is  not  a 
satisfactory  subatitute  for  atomized  aluminum  (MIL-A-512,  Type  III, 
Grade  F,  Class  7,  nominal  40  mesh)  being  used  in  current  explosive 
formulations;  i.e.  Trltonal,  H-6  and  Mlnol  2.  It  produces  explosive 
melts  in  which  either  settling,  porosity,  or  composition  uniformity 
levels  are  unacceptable.  The  elimination  of  these  factors  would 
require  extensive  process  modifications  with  respect  to  batching 


5 


NWSY  TR  69-2 


^  AmnA  ro  fur  o  ov>/4  n  «  a  a  J  am  <4  a  a.<  1  J  v  •***..  J  •.»«...••«  a  •  a  a  a>  m  •  < 

_  ...t_ - -  -0~ -  “I - -  »'-*«-■  -  ►  “«*■  »•  -  W  A 

Cht  explosive  melt.  Also  flow  problems  wojld  be  experienced  with 
respect  to  riser  feed  and  obstruction  of  kettle  valves. 

ALMEG  EXXO  90-30  meets  explosive  melt  criteria  in  a  system  (DESTEX) 
employing  a  suspension  agent  but  even  here  the  results  are  marginal. 

There  is  a  high  potential  of  hatardous  chemical  reactions  arising  in 
long  term  storage  under  humid  conditions.  With  respect  to  ammonium 
nitrate,  chemical  reaction  could  take  place  even  under  dry  conditions. 

The  cost  differential  between  the  ALMEG  EXXO  90-30  and  currently  used 
atomised  aluminum  (MIL-A-512,  Type  111,  Grade  F,  Class  7)  is  not  great 
enough  to  justify  its  Substitution  in  short  term  storage  aluminized 
explosive  systems  in  view  of  the  large  number  of  processing  problems 
which  would  be  encountered. 
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TABLE  I 

COMPOSITION  AND  DENSITY  ANALYSIS  OF  SEGREGATION  c TICKS 
TRITONAL  (80/20,  TNT/A 1) 


Tvoe  of  Aluminum 

ALMEG 

EXXO  90-30 

Atomized  Al 
MIL-A-512,  Type  III, 
_ Grade  F.  Claaa  7 _ 

Composition 

Composition 

Sample 

locations 

TNT 

_ a) _ 

HI 

STICK  NO.  1* 

Top  1/2" 

Middle  1/2" 
Bottom  1/2" _ 

100.0 
100. 0 
_ 94.6  J 

0.0 
0.0 
_ 5.4 

1.567 
1.565 
1.613 _ 

88.1 
85.0 
46.7 . „ 

11.9 

15.0 

53.3 

1.639 

2.021 

STICK  NO.  2* 

1  Top  1/2" 

|  Middle  1/2" 

I  Bottom  1/2" 

m 

0.0 

0.0 

8,7 

1.563 
1.570 
1.651 _ 

91.2 

86.3 
46.2 

8.8 

13.7 

53.8 

1.640 

2,024 _ 

i  STICK  NO.  3** 

Top  1/2" 

Middle  1/2" 
Bottom  1/2" 

100.0 

99.9 

69.1 

0.0 

0.1 

30.9 

HI 

rx3| 

||| 

H 

■BUM 

■ 

^  STICK  NO.  4** 

Top  1/2" 

Middle  1/2" 
Bottom  1/2" 

99.9 
100. 0 
69.7 

0.1 

0.0 

30.3 

1.583 

1.572 

_ 

99.8 

99.8 

41.1 

0.2 

0.2 

58.9 

ph 

i 

STICK  NO.  5*** 

|  Top  1/2" 

:  Middle  1/2" 
i  Bottom  1/2" 

100.0 
100.0 
_ 68.5 

m 

1.577 
1.580 
1.830 _ 

99.9 

99.7 

42.8 

0.1 

0.3 

.57.2  _ 

1.573 

1.576 

2.083 

- - - - -  - - -  - - - - - - - - - 

STICK  HO.  6*** 

j  Top  1/2" 

Middle  1/2" 

’  Bottom  1/2" 

100.0 

100.0 

63.6 

H99 

1 

m 

■iM 

mi 

0.1 

24.5 

28,3 

1.580 

1.862 

Solidification  condition: 

♦Ambient  cooling  (top  1/3  of  batch) 

**4  hra.  at  90°C.,  ambient  cooling  (middle  1/3  of  batch) 
***8  hr e.  at  90°C. ,  ambient  cooling  (bottom  1/3  of  batch) 
#Patty  from  kettle  melt  had  55.77.  Al 
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IftlLL  XI 

COMPOSITION  AND  DENSITY  ANALYSIS  OF  SEGREGATION  STICKS 

DESTEX 

(80/20/5/2/0.1,  TNT/Al/D-2/acetylene  carbon  black/lecithin) 


TvDe  of  A 

luminum 

ALMEG 

EXXO  90-30 

Atomized  A1 

MIL- A- 5 12,  Type  III, 
_ Grade  F.  C lass  7 _ 

ComDoaition 

Density 

Composition 

Density 

L&lsll 

A1  + 

carbon  black 

A1  + 

carbon  black 

_ m _ 

Sample 

locatlona 

STICK 

NO.  1* 

Top  1/2" 

20.4 

1.679 

20.5 

1.671 

Middle  1/2" 

20.0 

1.673 

20.7 

1.675 

1  Til f  ^TrlW 

STICK 

NO.  2* 

Top  1/2" 

19.9 

1.674 

20.4 

1.672 

Middle  1/2" 

21.8 

1.675 

20.6 

1.677 

Bottom  1/2" 

20.9 

1.684 

20.6 

1.684 

— 

STICK 

NO.  3** 

Top  1/2" 

18.9 

1.663 

20.7 

1.662 

Middle  1/2" 

20.0 

1.656 

20.5 

1.665 

.Bottom  1/2" 

22.3 

1.668 

1.678 

STICK 

NO.  4** 

Top  1/2" 

WEBM 

20.5 

1.658 

Middle  1/2" 

WBSM 

20.4 

1.662 

Bottom  1/2" 

1  BIm  1 

1.671 

20.9 

1.650 

STICK 

NO.  5*** 

Top  1/2" 

20.2 

1.663 

20.6 

1.651 

Middle  1/2" 

21.5 

1.653 

20.7 

1.658 

Bottom  1/2" 

22.7 

1.660 

21.4 

1.674 

STICK 

NO.  6*** 

IjHliOHi 

1.663 

20.6 

1.659 

1.655 

20.7 

1.634 

21.3 

_ 1.668 

_ 2JL1 _ 

1.649 

Solidification  condition: 


*Ambient  cooling  (top  1/3  of  batch) 

**4  hra.  at  90°C. ,  ambient  cooling  (middle  1/3  of  batch) 

***8  hra.  at  90°C. ,  ambient  cooling  (bottom  1/3  of  batch) 
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TABLE  III 

COMPOSITION  AND  DENSITY  ANALYSIS  OF  SEGREGATION  STICKS 
H-6  (74/21/5,  Comp  B/Al/D-2) 


TvDe  of  Aluminum 

Atomized 

A1 

ALMEG 

MIl-A-512,  Type  III, 

EXXO  90 

-30 

_ Grade  F.  Class  7 _ 

■ 

Density 

1  Sample 

A1 

A1 

locations 

!X9St^pfrftVBS99 

(g/ml) 

STICK 

NO.  1* 

Top  1/2" 

22.0 

1.692 

21.5 

1.740 

Middle  1/2" 

22.3 

1.690 

21.2 

1.737 

Bottom  1/2" 

21.9 

1.704 

21.2 

STICK 

NO.  2* 

i 

■mi 

gnvTtwr 

mmm 

■ 

^B3X 

Baza 

H1V7TH 

IBn 

■nu-n 

STICK 

NO.  3** 

Top  1/2" 

25.6 

Mmm 

BH 

■ma 

Middle  1/2" 

24.4 

mtm 

IIBSI  - 

■Bnl 

Bottom  1/2" 

23.5 

■MS 

rawKH 

iwm 

STICK 

NO.  4** 

1.7S8 

mMm 

PvT  vi*l  Ww 

1  1 

1.739 

BE 

ITuTnnrSHi 

Rm  i 

I  Bin 

■mil 

STICK 

NO.  5*** 

Top  1/2" 

■sa 

■SOI 

Middle  1/2" 

BBS 

tIHb  1 

Bottom  1/2" 

|  iPTrvH  B 

if  Hi' J 1 

^ 1 

■Rul 

STICK 

NO.  6*** 

Top  1/2" 

25.8 

BBiB 

BBiBl 

MSBM 

Middle  1/2" 

26.  1 

BBS 

■Sgl 

Bottom  1/2" 

25.7 

mm 

BHmflH 

mitHjn 

Solidification  condition: 

*Ambient  cooling  (top  1/3  of  batch) 

**4  hra.  at  90°C.,  ambient  cooling  (middle  1/3  of  batch) 
***8  hrs.  at  90°C. ,  ambient  cooling  (bottom  1/3  of  batch) 


t 


$ 

V 
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TABLE  IV 


IHEKMAL  AMU  SLMSlil.  Vi.TY  Kt.SU LIS  COMPARING 
ALMEG  AND  ATOMIZED  ALUMINUM  IN  VARIOUS  EXPLOSIVE  MIXES 


Vacuum 
stability 
(ml/g/48  hra/ 

Hr 

Impact 

sensi¬ 

tivity 

DTA** 

Endotherm 

Exotherm 

Initial 

2 

Max.  ’ 

Sample 

100°C. / STP) 

50%  ht 
(cm) 

(°c.) 

(°c.) 

(“C. 

Tritons  1  (ALMEG)*** 

0.3 

209 

81 

215 

234 

Trl tonal  (At-Al)**** 

0.2 

186 

80 

218 

235 

DESTEX  (ALMEG) 

0.1 

285 

80 

223 

307 

DESTEX  (At-Al) 

0.2 

320 

80 

184 

235 

H-6  (ALMEG) 

0.1 

102 

80 

190 

215 

H-6  (At-Al) 

0.1 

99.3 

80 

186 

211 

ALMEG/NH4N03  (50/50) 

0.3 

- 

52,88, 

140,164 

234 

288 

At-Al/NH4N03  (50/50) 

0.1 

- 

- 

- 

- 

ALMEG/TNT  (50/50) 

0.1 

- 

80 

209 

239 

At-Al/TNT  (50/50) 

0.1 

- 

80 

221 

236 

AIHEG/NH4N03/TNT  (50/25/25) 

0.3 

- 

51,80, 

128,166 

213 

245 

At-Al/NH4N03/TNT  (50/25/25) 

0.3 

- 

55,82,94, 

129,165 

229 

236 

TNT 

0.1 

144 

- 

- 

- 

NH4N03 

0.4 

254 

55,91,128, 

165,222 

293 

293 

NH4N03/TNT  (50/50) 

0.4 

- 

52,80,92, 

128,165 

203 

232 

ALMEG 

0.2 

- 

- 

- 

- 

At-Al 

0.2 

- 

- 

- 

*Type  12  tools,  2.5  kg.  wt.,  35  ±2  mg.,  No.  5/0  sandpaper 
**Heating  rate  10°C./min.,  20  to  40  mg.  aample  wt. 

***ALMEG  EXXO  90-30 

****Atomi*ed  Aluminum,  MIL-A-512,  Type  III,  Grade  F,  Claas  7 
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TABLE  V 

SIEVE  ANALYSIS* 


f - 

1  U.  S.  Std. 
Sieve 

Atomised  Al** 

MIL- A- 512,  Type  III, 
Grade  F,  Class  7 
(%> 

*** 

ALMEG 

EXX0  90-30 
(%) 

+8 

0.0 

0.0 

-8  +16 

0.0 

0.0 

- 16  +20 

0.0 

0.0 

-20  +50 

3.8 

64.2 

-50  +80 

12.1 

2$.  6 

-80  +100 

5.8 

3.5 

-100  +pan 

78.2 

2.7  | 

_ 1 _ 1 

*100-gram,  Ro-Tap,  10  minutes  shaking  time 

**MIL-A-512  specification  requirement  for  Type  III,  Grade  F, 
Class  7,  Atomised  Aluminum: 


U.  S.  Std. 

Percent 

Sieve 

regained 

40 

0.5  max. 

230 

70.0  max. 

325 

50.0  max. 

***"Typlcal  Meah  Range"  of  ALMEG 
manufacturer's  literature: 

EXX0  90-30  as 

U.  S.  Std. 

Range 

Sieve 

m 

+30 

0-2 

-30  +40 

50-60 

-40  +50 

20-30 

-50  +90 

10-20 

-80  +100 

1-3 

-100  +200 

1-3 

-200 

0-2 

11 


NWSY  TR  6>-  2 


SEGREGATION  STICKS,  TP  I  TONAL 
FIGURE  1 


BLANK  PAGE 


Security  C l teaiCi cition 


ALMEG 
Aluminum 
Eva lust  ion 
Explosives 


INSTRUCTIONS 


ORIGINATING  ACTIVITY:  Entar  the  n ame  end  Mldtaii 
Of  the  contract  or,  aubcoAlrector,  grantee,  Department  of  Dm 
font*  activity  or  other  organisation  feorporale  tut  hot)  issuing 
lb#  trpoit. 

2a.  REPORT  SECUWTY  CLASSIFICATION;  Enter  the  over 
all  security  classification  of  tho  report.  Indie  at  •  whothar 
“Raetricted  Data”  la  Included.  Marking  la  to  bo  in  accord- 
anco  with  appropriate  security  regulations. 

2b.  OROUPi  Automatic  downgrading  la  apaclfiad  in  DoD  Dl- 
roetlv#  5200. 10  and  Araod  Forces  Induatrlal  Manual.  Enter 
the  group  nuatber,  Alao,  when  applicable,  ahow  that  optional 
markings  have  boon  used  for  Oroup  3  and  Group  4  at  author 
lead. 

3.  REPORT  TITLE,  tutor  tho  coapirtr  report  tltlt  in  all 
capital  latter*.  Title*  la  all  eaaea  ahould  ba  unclassified. 

If  a  meaningful  title  cannot  be  m  I  acted  without  claaalflca- 
tion.  ahow  title  classifies!  In  A  in  all  capitala  in  paronthoaia 
immediately  following  tho  Utle. 

4.  DESCRIPTIVE  NOTES  If  appropriate,  enter  tha  type  of 
report  #■«.,  Interim,  progress,  summery,  annual,  or  final. 

Otvs  the  incluaive  datee  whom  a  specific  reportlnc  period  ia 
covered. 

5.  AUTHDE<S>  Enter  the  nesmfs)  of  euthoKa)  aa  shown  on 
or  in  the  report.  Eat  or  last  nemo,  first  name,  middle  InitlaL 
If  military,  show  rank  and  branch  of  savvies.  The  name  of 
tho  ptlecipel  author  ia  aa  absolute  minimum  requirement. 

S>  REPORT  DATE:  Enter  the  date  of  the  report  aa  day. 
month,  year,  or  month,  yean  If  mere  than  one  data  appears 
oa  tha  report,  use  data  of  publication 
7a.  TOTAL  NUMBER  OP  PACES:  The  total  pofo  count 
ahould  follow  normal  pagination  pr-H-eduroa,  l.e..  antar  tha 
number  of  pages  contalninf  information, 

7b,  NUMBER  OP  REFERENCES  Entar  the  total  number  of 
reference!  cited  in  the  r^ort. 

Be.  CONTRACT  OR  OR  A  NT  NUMBER:  If  appropriate,  entar 
the  applicable  number  of  the  contract  or  gram  under  which 
the  report  waa  written. 

Sb,  Sc.  4  So.  PROJECT  NUMBER:  Enter  the  appropriate 
military  dap  art  mam  identification,  ouch  aa  prelect  number, 
etitpisjsct  nuefeer,  system  numbers,  teak  number,  otc. 

Sa.  ORIGINATOR'S  REPORT  NUMBER(B):  Enter  the  off!* 
clal  report  number  by  which  the  document  will  be  identified 
and  control  lad  by  the  originating  activity.  This  number  mutt 
bo  unique  to  this  report. 

Sb.  OTHER  REPORT  NUMBER*!):  If  the  report  he*  been 
assigned  any  ether  report  number!  ferrhar  by  the  originator 
or  by  fhe  aponae/J,  alao  enter  this  number*  a). 

10.  AVAIL  ABILITY/ LIMITATION  NOTICES  Entar  any  lint 
itatlona  on  further  dissemination  of  the  report,  other  then  thot# 


imposed  by  security  classification,  using  standard  statements 
such  as: 

(t)  "Qualified  requesters  may  obtain  copiss  of  this 
report  from  DDC." 

(2)  “Foreign  announcement  end  dissemination  of  this 
report  by  DDC  Is  not  authorised." 

(3)  "U.  S.  Govern  mo«  agencies  ms y  obtain  copies  of 
this  report  directly  from  DDC.  Other  qualified  DDC 
users  shell  request  through 


(4)  "U.  1  military  agencisa  may  obtain  copies  of  this 
report  directly  from  DDC  Other  qualified  users 
shall  request  through 

H 

(9)  “All  distribution  of  thla  report  is  controlled  Qiel* 
ified  DDC  users  shell  request  through 


If  the  report  hee  been  furnished  to  the  Office  of  Technical 
Services,  Department  of  Commerce,  for  eels  to  the  public,  indi¬ 
cate  thla  fact  end  enter  the  price,  if  known 
IL  SUPPLEMENTARY  NOTES:  Use  for  additional  s*p lane- 
lory  note* 

12.  SPONSORING  MILITARY  ACTIVITY:  Enter  the  nemo  of 
the  departmental  project  office  or  laboratory  sponsoring  (p$y 
JrM  lor)  **•  research  and  development.  Include  address. 

13-  ABSTRACT:  Enter  in  abstract  giving  e  brief  and  fectual 
summary  of  (ha  document  indicative  of  the  report,  even  though 
It  may  also  appear  slsawhore  in  the  body  of  tho  tochaicel  re¬ 
port.  If  additional  apace  ia  required,  a  continuation  sheet  ahall 
be  attechsd. 

It  ia  highly  desirable  that  the  abstract  of  classified  reports 
to  unclassified.  Each  paragraph  of  the  abstract  shall  and  with 
an  indication  of  tha  military  security  classification  of  the  in¬ 
formation  in  the  paragraph,  represented  as  (TD.  (*)•  fCj.  or  (U) 

There  is  no  limitation  on  the  length  of  the  abstract.  How¬ 
ever.  the  suggested  length  ia  from  ISO  to  229  words. 

14.  KEY  WORDS:  Key  words  era  technically  meaningful  terms 
or  short  phrase*  that  characterise  $  report  and  may  b*  used  as 
indea  entries  for  cataloging  the  report  Key  word*  must  bo 
•elected  so  that  no  security  classification  ia  required.  Idanti- 
flora,  such  ••  equipment  model  designation,  trade  nemo,  military 
project  code  neme,  a* ©graphic  location,  may  be  uoed  ao  key 
words  but  will  ba  followed  by  an  indication  af  technical  con¬ 
test-  The  assignment  of  linke,  rglea-  and  weights  ia  optional- 


UNCLASSIFIED 

Security  Cl.,,1  fiction 


